Restraint and venepuncture affect blood parameters and are stressful for pigs. Therefore, when experiments require frequent blood sampling, catheterization is the best option, both ethically and scientifically. A simplified non-surgical method for catheterization of the vena cava cranialis in sows is described. The vena cava is catheterized via the vena jugularis external which is punctured while the sow is restrained by nose snaring. The procedure can be carried out by two experimenters in 5 min, it requires little equipment and can be performed under farm or very simple experimental conditions. Results from 89 catheterizations are reported. Seventy-three ofthe catheters remained functional for 5 days or more. There was a tendency for a higher success rate in dry sows than in highly pregnant sows. The only behavioural effect observed after catheterization was a short-lasting increase in motivation for wallowing in some sows. No illness that could be attributed to the catheterization occurred.
In many types of experiments frequent blood sampling is necessary when investigating endocrinological, haematological or biochemical parameters. In pigs blood sampling by venepuncture requires restraint, which is usually done by nose snaring. Repeated nose snaring and venepuncture is painful and causes stress to the pigs (Rushen et al. 1993L and should therefore be avoided. Moreover, the procedure can affect the blood parameters investigated (Dubreuil et al. 1990 , 1993 , Rushen et al. 1993 as well as other responses, e.g. behaviour. Therefore, indwelling vein catheters or cannulas are preferable. Several methods for surgical (Ford & Maurer 1978, Gutzwiller 19881 and non-surgical Correspondence to: B. 1. Damm (Smith & Ficken 1991 , Zanella & Mendl 1992 catheterization or cannulation of the vena jugularis externa or vena cava cranialis have been described. Catheterization and cannulation also affect blood parameters, but the effects are short-lasting when the procedure is performed non-surgically (Diekman et al. 1990 ), whereas longer-lasting effects have been found after surgical catheterization (Van Leengoed et al. 1987 ). Furthermore, non-surgical catheterization can be performed in a fast and simple manner. This is an advantage in all experiments, but even more so when a relatively large number of animals have to be used. We have modified the non-surgical catheterization procedure with the objective of finding the simplest Accepted 24 Odober 1999 possible technique, while at the same time taking the welfare of the sow into consideration.
Materials and methods

Animals and housing
Thirty-one Danish Landrace x Danish Yorkshire primiparous pregnant sows (Sus scrofa domesticusj and 58 first or second parity dry sows were used. The animals were subjects in investigations on reproductive behaviour and endocrinology. The sows were derived either from the local herd at the swine research facility where the experiments took place, or they had been purchased from commercial swine production units at the age of 4 months. Prior to catheterization the animals were housed and managed according to normal production standards. Catheterization was carried out in a room dedicated to this purpose. After catheterization the pregnant sows were transferred to either farrowing pens (n = 16) or crates In = 15). The dry sows were transferred to crates and either remained crated throughout the experimental period (n = 37) or were moved to pens on day 2 after catheterization In = 21). Farrowing pens measured 2.6 m x 2.7 m, crates measured 2.0 m x 0.72 m, and dry sow pens measured 2.0 m x 3.0 m. Pregnant sows were provided with nest materials (earth, straw and branches), and dry sows were provided with cut straw. The room was lit by natural daylight and artificial lighting switched on at 07:00 h and off at either 15:00 or 22:00 h depending on the experimental protocoL The room temperature was maintained at 18±3°C. Both before and after catheterization the animals were fed standard rations twice daily according to their reproductive states. The catheterization of sows and the experiments conducted were approved by the Danish Animal Experiments Inspectorate.
Catheterization
Pregnant sows were catheterized on day 110 or III of gestation. Dry sows were catheterized at weaning. Before catheterization a room had been equipped with various utensils and equipment that would make the On the wall an adjustable metal holder was placed to which the nose snare could be securely fastened (Fig 1) . The holder could be adjusted to the appropriate height for each individual sow. This ensured adequate tension of the ventral neck muscles, allowing easy access to the vena jugularis externa. In addition, it was observed that fastening of the nose snare to the metal holder, rather than having a person holding the snare, made the sows calmer during the procedure. It is difficult to hold an adult sow manually without occasionally easing the tension on the snare. In contrast, it was our impression that sows quickly realized that they were unsuccessful in pulling off the snare when it was fastened to the metal holder, and thus made fewer attempts to escape. The catheterization procedure is best performed with the animal standing firmly with equal weight on all four legs, and to promote this a rubber mat was placed on the floor. Sows were shaved with electric cordless shavers (Oster Pro 179-51, USA) either in their home pens or after they had been moved to the room used for catheterization. Usually this could be done without restraint. The area extending from the point of the manubrium sterni and to 5 cm lateral to the left and the right jugular grooves up to the ventral head-neck junction was shaved. Additionally, in the lateral and dorsal neck region the area extending from the mandibular angle to 15 cm caudal to this was shaved. This was done both as a hygienic precaution and to create an area where adhesive tape could fasten tightly to the skin. The sow was snared around the upper jaw with a nylon rope (10 mm in diameter) [Walton 1991) . At one end of the snare a running loop had been made and at the other end a metal hook had been attached. The loop was positioned behind the tusks of the sow and the metal hook was hooked on to the metal holder on the wall. In case a sow should collapse during the procedure, a scalpel or scissors were always kept close by so that the snare could be cut rapidly. The ventral and lateral parts of the prepared skin area were scrubbed surgically with chlorhexidine (Medi-scrub, Rovers B.V., Holland) and dried with paper towel. The jugular grooves on both sides were disinfected with 70% ethanol and 0.5 % chlorhexidine (Hospital tissue, Simonsen & Weel, Denmark). Either side could be used for catheterization, but both sides were prepared so that if problems should arise during venepuncture (e.g. difficulties in locating the vein or risk of haematomas) the other side could be used. A 14 gauge x 80 mm needle had been prepared by marking the location of the needlepoint on the hub with a permanent ink pen. This enabled the experimenter to direct the needle with the point held upwards, also after the insertion when the needlepoint could not be seen. The needle was inserted through the skin of the jugular groove 5-10 cm cranial to the point of the manubrium sterni, and the needle was then directed caudo-dorsally until the vena jugularis externa was located (Fig 2) . The needle was inserted at an angle of 40°-50°relative to the surface of the neck. While the needle was held in a steady position, silas tic catheter tubing (1.4 mm outer diameter, 0.6 mm inner diameter, Meadox Surgimed A/S, Denmark) was advanced through the needle into the vein. The insertion angle of 40°-50°eased the passage of the catheter through the needle into the vein during advancement. The catheter was cut to a length of 130cm before Laboratory Animals (2000) 34 Damm et a/. insertion. The end to be inserted was cut at an angle of 45°. This end of the catheter had also been marked with a permanent ink pen at every 10 cm, 5 times in total, which enabled the experimenter to know how much of the catheter had been advanced into the vein at any given time. Furthermore, at the opposite end of the catheter a 20 gauge needle ground to'a length of 2 cm had been introduced into the lumen. After the vena jugularis was located, approximately 25 cm of the catheter was directed into the vein through the 14 gauge needle. The passage of blood was ascertained by fitting a 2 ml syringe into the needle hub at the exterior end of the catheter. The catheter was flushed and filled with 2 ml heparinized saline (250 IUIml). The syringe and ground needle were pulled out of the catheter and the 14 gauge needle was removed, while the catheter was held in place at the point of exit from the skin. The ground needle was re-inserted into the free end of the catheter and a cap ICE 0123, Braun, Germany) placed on the needle hub. The exterior part of the catheter and the skin were wiped clean of blood with paper towel. The exterior part of the catheter was held close to the lateral side of the neck so that the catheter formed a gentle curve at the exit point from the skin. Two pre-cut pieces of adhesive tape (Leukoplast, Beiersdorf AG, Germany), each 5 cm wide and 10 cm long, were placed in a cross over the exit point ( Fig  3) . One end of a third pre-cut piece of tape, 5 cm wide and 50 cm long, was placed over the tape cross and was further applied over the catheter and the skin on the lateral and dorsal part of the neck. The catheter was positioned so that it could be taped to the skin in the shaven area in a relatively straight line. A heavy fabric pouch protected the approximately 60 cm of the catheter, which was still uncovered and exteriorized from the tape in the dorsal neck region. The pouch was held together around the catheter with VelcroC/J) tape, which permitted easy access when the blood sampling took place. The pouch was taped (Leukoplast, Beiersdorf AG, Germany) to the skin and both the tapecovered catheter and part of the pouch were then further secured with 10 cm wide elastic adhesive tape (Tensoplast, Smith &. Nephew, UKI, which was wrapped around the neck twice. The sow was pushed forward, unhooked and released from the nose snare. A pre-cut elastic tubular bandage (Danagrip, Hospidana Aps, Denmark), 32.5 cm wide and 30 cm long, was pulled over the head and placed so that the catheter, tape, and pouch were covered. Blood samples (6 ml) were 185 drawn daily from all sows for the first 2 days after catheterization. Thereafter blood samples (4 ml) were drawn from pregnant sows at 45 min intervals for 3-5 days. Dry sows were sampled (10 mIl at 4 hour intervals for 4-5 days. When sampling, the first 2 ml were withdrawn and discarded. The sample was then collected and the catheter filled with heparinized saline (250 IUIml). After the experiment the catheter was removed by cutting and pulling the tape from the opposite side of the catheter and by carefully withdrawing the catheter once it had been exposed.
Statistical analysis
The protocol of the experiments lasted 5-7 days and the catheterization was considered successful if it was possible to sample blood for at least 5 days (day 1= day of catheterization). Catheterizations where blood sampling during the first 5 days was possible but which involved major repair to the catheter or re-catheterization were, however, considered unsuccessful. The effects of reproductive state and type of housing on the success of catheterization were examined using logistic regression analysis. This was done by means of the Proc Logistic of the SAS statistical package (19901.
Results
Eighty-nine sows were catheterized. No sows had to be excluded from the experiments because of difficulties associated with the procedure itself. Seventy-three of the 89 catheters remained functional for 5 days or more. There was a tendency for a higher success rate in dry sows than in pregnant sows (x 2 = 0.09, df= I, OR=2.7). No effect of housing (X 2 > 0.1) and no interaction between reproductive state and housing were found. Using the 5-day functionality criterion, the success rates of catheterization in the four groups were 62.5% (10 catheters out of 16) for penned pregnant sows, 80% (12 catheters out of 15) for crated pregnant sows, 81% (17 catheters out of 21) for penned dry sows and 92 % 134 cathethers out of 37) for crated dry sows. In each of the groups of penned preg-nant and penned dry sows one catheter was dislodged. In all other cases of unsuccessful catheterization the injection of saline or heparinized saline was possible, but blood could not be collected, although the catheter apparently remained in place.
Discussion
Overall, the simplified method had a high success rate. However, the success rate tended to be influenced by reproductive state. It is possible that the high level of prepartum nest building activity in pregnant sows was partly responsible for the lower success rate, which is particularly reflected in the success rate of 62.5% in penned pregnant sows. However, in this group there was only one instance where the tape did not stick well to the skin and the catheter was dislodged. In the other cases of unsuccessful catheterization the 45°angle end of the catheter which was inserted into the vein may have irritated the endothelium, leading to fibrinization of the vessel wall and the attachment of fibrin clots to the catheter. The irritation of the endothelial vessel wall may have been aggravated by the strong head and neck movements performed' by pregnant sows during prepartum nest building. Furthermore, it may have been disadvantageous to the success of the catheterization in penned pregnant sows that they were loose housed immediately after catheterization, whereas the dry sows were crated for 2 days before being moved to pens. With experience it becomes easier to direct the catheter through the 14 gauge needle. We therefore suggest that the catheterization is performed with the tubing cut at a 90°angle, which may reduce the irritation of the endothelium.
Due to the effects of nose snaring and venepuncture on several blood parameters and behaviours during the immediate postcatheterization time (Diekman et a1. 1990; Rushen et a1. 1993) catheterization should be carried out well in advance of experimental blood sampling. Different parameters are affected in different ways and for different periods of time, but cannulation at least one day in advance is suggested by Diekman et a1. (1990) e.g. if cortisol is to be deter-Laboratory Animals (2000) 34 Damm et al. mined. In the case of dislodgement or occlusion of the catheter prior to or during experiments, the animal can be re-catheterized on the same or on the opposite side. If the experiment was planned to commence soon after re-catheterization has to be done, or if the experiment is already in progress, consideration should be given to the possible effects of re-catheterization on the behaviours and blood parameters to be studied. Nonetheless, in most experiments non-surgical re-catheterization is a better and more realistic option than having to repeat a surgical procedure. If the catheter becomes occluded in the part which is not interiorized, the tape can be removed and the catheter cut below the point of occlusion. A 20 gauge needle ground at both ends to a length of 2 em can be inserted 1 em into the lumen of the remaining piece of catheter, and a neW length of catheter fitted on to the opposite end of the ground needle. Finally, the junction is secured with tape and the catheter is taped to the skin and fitted into the heavy fabric pouch. This can be done without restraining the animal.
Unilateral catheterization and taping can be done within 5 min of nose snaring by trained experimenters. The venepuncture and insertion of the catheter takes only a few minutes and it is possible to carry out bilateral catheterization without much prolongation of the procedure. By doing so a spare access to the vein is provided in case the catheter becomes dysfunctional. This can be advantageous in experiments which do not allow re-catheterization once they have been initiated.
The animals vocalized for approximately one minute after being nose snared, but only a few animals continued this during the rest of the procedure. We collected no systematic data to assess the stress or pain to which the sows were subjected. It has previously been shown that nose snaring releases endogenous opioids, which reduce vocalization and have hypoalgesic effects (Rushen & Ladewig 1991 , Roozen et a1. 1995 . Nose snaring also increases ACTH and cortisol secretion, which indicates that the snaring is painful and causes stress (Rushen & Ladewig 1991 , Rushen et a1. 1993 , Roozen et a1. 1995 .
However, surgical methods arepain£ul and stressful for the animals as well, and these often involve nose snaring of the conscious animal while the anaesthetic or sedative is administered. Additionally, the animal is subjected to pain or discomfort associated with the use of anaesthetics and post-surgical recovery. Nonetheless, it is desirable for both practical and ethical reasons that all catheterization procedures, including non-surgical techniques, are carried out as efficiently as possible and with a minimum of nose snaring. Therefore, we found it to be advantageous to have all equipment prepared on a moveable table so that, once the animal was restrained, the table could be placed in close proximity to the animal and the person performing the catheterization. The procedure could then be performed by a single experimenter (with assistance when nose snaring, hooking on to the holder and releasing the sow), although it was most efficiently carried out by two or three operators.
The sows showed no signs of illness that could be ascribed to the catheterization. In a study where six gilts were repeatedly cannulated by a method very similar to the one we used, postmortem macroscopic and microscopic investigation revealed only a few lesions associated with the cannulation (Smith &. Ficken 1991) . Furthermore we observed no or only minor behavioural changes following the procedure, which is in accordance with other descriptions of methods for non-surgical catheterization (Zanella &. Mendl19921 and non-surgical cannulation (Smith &. Ficken 1991) .In a study where pigs had been trained to work for feed by operant conditioning, it was found that on the day of non-surgical catheterization by the method described here, there were minor reductions in work performed and feed acquired after the procedure. The following day the amounts of work performed and feed acquired had returned to pre-catheterization levels. In contrast, after surgical catheterization pigs showed large reductions in work performed and feed acquired both on the day of catheterization and on the following day IT. Ladewig, personal communication). Among sows catheterized by us, the only obvious behavioural reaction was that some sows were 187 very motivated to wallow soon after they were released from the nose snare, which indicated that they had become hot during the procedure. Before they were moved to their crates or pens, these animals were rinsed with water while keeping the neck region dry and preventing them from lying down on the wet floor.
In conclusion, the simplified method for non-surgical catheterization had a high success rate and was well suited for studies in which frequent blood samples had to be collected over several days. The method required little equipment and was easily performed by two experimenters. It could be carried out quickly, so the sows only had to be nose snared for a short period of time. Post-catheterization surveillance was not required and the procedure could be performed under farm conditions. Except for an increased desire in some sows to wallow, no behavioural effects were seen once the catheterization had been completed. No illness attributable to the procedure occurred.
